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loteoslve mcHca^a generic studies i»- 
denafceo in.lhe past 10 years have 
•to solve mmy of the pualcain ihe'srca of. 
comparibilicy 'and mcompaubOlty/bcWfeeii • 

• ^ana aod .'bacttrial pathogeos. These. 

• stores hare'provicted answers ttsi some of 
tbe most "fundazneztfal qoestioai in. .plant 
•patbotegr..Whar baacrial gcrws.are^ ^ 

yolved m die establishment of conipanou- 
jty or iucotnpatilrility - between plants and 
neoogemc bactdia? Wha; wia cfisdn- 

. guish -plant-piBthogcmc bacteria firom Up- 
ropfayide bacteda? Are. tticse genes. and 

. traits connnon in seemingly vwy diverse 
groups of plant-pathogenic bacteria, from 
sofl-iot^erwinias. to. local lesion-fomn^ 
pseodomonads7 *ln. this' .article,, we wfll 
discuss'sme recent . ad vances in -unda- 
stancfing dJe -coinpadbility or incompatn 
biiiiy between, plants and nccrogenic bac- 
teria .(bacteda- that canse tissue oecrosu); 
The potMtial applicaticn of these advances 
to disease tnahagement wiU be addressed 

• •■bdeflyi Interested readers should consalt 

other recent reviews (6,W5^ for .athbre 
technical discussion pn this topicL 

Plant-rBiacterla Interactions: 
Incompatible vs. Compatible ' 

JPlan^patbogeiric- bacteria cause d evasr^ ' 
tadng - diseases .«i *inany important - crop * 

•plants: Soine bacteria, such as AgroboM^ 
rium aimflrfloeni. cause Ussue defonnatios 
(tmnori) by altering hormone balance la 

• 'iiifcctcd plant tissues. Other baicuala canap. 

. wilt or' soft rot by interfering with *e 
fiincriph of tfae plant vascular system or by 
disintegrating .plant -.tissues, tes^ctiycly,. 
Many pathovan of P.jewicmorM lymgat, 

■ .«ri.Xflnthorhanax.*cffli9>e«^ canse local 
lesions ohrvarious. plant tissues. Disease 
syihptotts caused by most planfc^aihogrtic 
bicterit involve* plant ceil 4eatfa» Ia thu 
.article, only , necrogenic bacteria will be 
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TiiifTOH. . Tliercf ore, ' gall-fonning 'A. 
tum^facUns' vid odier bacteria -that do not 
cause oecro^ win not be.addressed. - 

• Flahl-badetia ' interactions .can .be '^Oh 
t^siy das^ficd as compatible or incom- 
^atiUc intdrartions.; In i co?Bp'atibie int^ 
»ctio«w« susccpdUe'bost plant is" Infected 

.bya viSrulcnt- (or compatible) bact erium . 
Resulting in ^ muitipUcatioofand spread 
of the b i^-^^ In Infected plant/tissiBes 
. ud the' appearance of 'disiiafte. symptoms. • 
In ^incompatible interaction, an avinileot 
(or iacoxx^atible} bacterium' attempts tQ 
infect a resistant host-plant or. a" npnhptt 
•plant; bm the maltipUcation.'jtod spread of 
die "bacierfum are. severely. -restricted- A 
jMllmarit of maiv incompan^le 
is'ibe occuirence of capid'plant.cefl-. death 
-St orJnear the attempt infection site,* a 
pbenomenoa-lmowii asithe' hypcrsjensltixe. 
• Sssponse-XHR; 16,29). Thatis. although 
avirulent*. bacterium is>:unable to caus^ 
- typical* spreafing cfiseaie symptoms tn'*- • 
.."resifflanfhost"^prnonhostplamt • 
eficft localized plant cefi'deathl The-HR is- 
aisodatad witib a wide array* of defense- • 
■ tespansestiiatmayinhibit*iu|therpatiiOg«n 
.invaildo, >indnding jyhtiii^ of antind- • 
-'Mbial conqjoonds, induction, of plant . 
. -defense genes; -and. strengthening . of the ; 
•plaai cdl wan by raj^^ •cross-Unldng .of' 
cdl waQ components (10,^2); * ' 

• Aiihougb a treie plant-patiibgemc bacte- 
rium can eUdt a dramatic :plant lespcmse— 
eithff disease' or re$istance^-4n a healtlflr 

•. dart . wiih . In appropriate, generic bacJt- 
nound,' *saprophyt»c bacteria or -baoatt 
. tint- ate pathogenic on organisms - other 
. than higher piano are generdlyuMb^^ 
initiatB any;imeractions.^ plmt*- Of 
known species of bacteria, cady about 80 
species have been fwind to cause ptat. 
iUeasfr Oi^ "Vbat are the fcaaores tott 
. ttiTn^fr.^^H rt;Ar*y^oogenl^ .bacter<a ftom 
^--5 Wiicicrift? .T^«KW*ntipJtt» 
cacfai •»» due to ttie differences In- 
pabwgirfcJJy/ For example. ^r>Ma 
. lowro, to: baofcrium that causes fiie bUgW, 

• i< ctftoftoffliUiiy mere dosely rdatw^^^^ 

Ymii^ spiL isfcii to another common plant 
ptf >o»rC /! jjrn/iju^. 



Genss Controlling • 
Compatibility Between Plants 
and'Bacterla 

In tite eady 198as, a mnnber of re- 
searchers* started tt^ use trahsposoof-inedir • 
aied mutagenesia, a tedunque developed In 
tite stndy of'£. cflt£2, to reveal bacterial • 
genes^ that pUy * important roles In -vaziQUS* * 
plant-4>acteria fa>tr.ractions. A transposoa is . 
a mobOe DNA elezyient that can hG^ tn and 
out. <tf the, bacterial chromosome. When a* 
{ranspospii - bops* intio .t. ota Oie 
chromosomer' the geae is piqrsicaily dia- 
rupted and cannot prodsce 4 .fimcdoxul . 
product (Hg. l), .tf the;gene happens to be - 
important in pUnt«^acgfrial (interscrioas, 
the mutant bacteriimi carrying the dis« 
tupted gene will s^ow a di cfc Ct In initiaziog 
normal plant-bacterial interacdooa; 

Using such a mutagenesis technique. 
Nlepold et aL.(33) and Undgcen et «L-C33) . 
Idfiodfied dysten of bacterial genes. Icsowti • 
as'/ifp'(telra.»ad pathogenicity) geaes, 
hi - the . bea9\ patingens ' fs€udomanas * 
jyringae Vf^.'.jynngae and pv. pfussdO'i • 
..Ucokk i rea^^e ^ ve l y* Ttansposon-^Bdaced- 
. miatatibos la 'iftip* gates yfcit found lo 
abolish die abUlty. of B jynKgoi to cUdt 
the HR in. nonhost .plaott cr tct cause 
disease In host 'iHants 03.35)/ Airj^ nwtniw 
behave. Very - inttcfa ^ bactoia tiitt ta«v« 
ho jppMtat interactions with! plants^ such 
. IS £ coiC The idesMcarion zi Hrp genes 
suggested that- the moieculaf mechanism(a) 
underiying * bacteiii|l pathogenic and 
• bacterial eUdtatito of. plant .disease 
r^istaoce niay Involve ibe same bacnial 



krp genes' bave^been isolated Erem many 
plaht-patbogeat bacteria* md: have -been- 
charaderized' inost tttensivcfir Jroni P. a. 
pvi jyri^ P.:* pv. phiuidUcOa. Psmu^ 
^jo;,,^j0toac^^ wilt 
in maiiy^olasaceous plants)* ^onthamonaa 
ca/itpessris pyj-vcrkotofia .('^hich causes 
bacteria^ ^spot oh' tomato and pepper), and 
£ cffK^lovara^ (6.8,45). Isolation (dqning) 
of hip genes was accomplish^ jay insert- 
ing random genomic DMA firjgments from 
a wild-cypc plact-pachogeac ^^acterium inm 
a clooingvecmr; followed by introduction of 
cloned DNA fragmcats into^Arp mutants 



in an fop muianU « ?rfKl^ft« 
•£J«5% gene P^«lfSS 

chromosome (R«. 2d"^Tv' 

tor amoog ae«8««? *?^*.TT-rT^io. 

S bonvologpoi «^ 

. Am Kcaes ippear to .be tuu-veaai 



Biochemical f unctlbha 

^^^^^^^ 

«,d moleculK xhanacnzstioo. 

JKemibdtoCtto^tJ^^ 
. pii«in-K«edea.»d P«o*W 

C?2ir-,^rMMd when bacteria lie n H» 

toe apcplasi outside the P^^^ 
^ be Mhieved by using artifioal 



RrimiD.1 Jnedta bddng co«pl« mW 

in the plam M«pl.st ^^^.^^^ 
toe toductioa of top ««« ^-""^^ 
confound., Xe4, «^«J 
_jka^»ntaioing anuno pads) present m 
S^apoplJlinay .bo «-e« 
for the ioductioi. of X t pv. ^^"^ 

three of the 25 Krp, gene P«>*«\^ 

hrp/i a* ^A; Fig. 2), T^>p5 i^t! 

^ an>ong-'Jbc fimtwo. top gcnP* » 
expressed imce £!fJ?fS 

• SS^tt) the >omocer *cquence of -the 
S. H^.procein (51). On« ^eft^ 

- of other krp g«« ««1 

• aviruiencc-Cavr; wtart^.dcw^ 

Sand ^ (^^^^^^^^rt^t^^ 
aU bacterid ivr genes « rcguh^^ 

genci (3(». Interestingly, hrpS wad hrpR 



are simiUr in sequence to a family of bac* • 
ceri&l protons that regolaie genes Involved 
in diverse metabolic functions: inchi ng 
genes involved to nuthem transpoct and 
meuboUsm (ig^lV The sequence simi- 
larity of krpS and hipR widi geae reguU- . 
ton involved in nutrition appean to sup- 
pon the hypothesis that top genes «xe 
involved in bacterial mitridon in the ootri- 
,«u-poor plant apopbsL TOs hypothesU is 
further supported by the obscrvadon that 
the cxpresaon of fcjp genes can be aimed- 
off by complex idtxogen soutcex, tticar- 
boxylic add cyde interxnediites« Ugh 
ostnolarity, and neutral pH,! s(nne of wtiicfa 
tie charactcdsdc of lidi bacoriil* tnetfia 

(2537.41-46JW3)- ' • ' 

An./»p5 bomdog -has been found la » 
very (fiffcrent bacieiinnu E^awyiavom XS. ; 
V..Becr, pejwnol eonvnwiication\ In 
solanac4arunu n different hrp ttn^ ihrpB)^ 
was found to be Involved in the dete ctiopu 
of the plant apoplast (15). Thus, different, 
bacteria may dp xoxf not «so the SMie 
inecbanism to detect 4he appwrcndy similar 
environment in the piam apoplast , 

2. Protein secretion, Opo sOipriaing 
finding fiom the seqaence snatysia of .*rp 
genes was that many top. genes thaw 
striking slniaarides to those involved in 
jecrcdonof pcoteinaceoas vliuieoce fnctro 
in hinnan arid animal padibgcmc ba^da 
tl2,l7',22^9.46). Most . plant-pathogenic 
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hrp mutant 



transposon 
1 ! mutagenesis 





cpmpiementation 




complemented A/p mutant 
dUniPta th« h/p gen* (in S^^J-JJ? J^i^ |, tailed a hrp mutant The hrp mutant 

Plant n»«*««* ' •** •V* ^r.^. . 



bacaerik dot -cause necrosis are gnm- 
nesative. thai .is, Uiey have two cell 
(Ticmbcancs cavdoping the cytoplasm. For 
any large molecule (eg., a protein) to go 
through i Upiji mcxnbranc, a special secrs- 
tion apparatus or channel* compos ed ct 
many pcoteiins must be assctnbled acroa 
boch cell membranes. Gram-ncgacivc plant 
pathogenie bacteria are known to mate 
several types of secretion apparatus. For 
example, -Erwinia ekrysanthiml a tacte 
rium cfaai causes soft rot, makes one typ^o^ 
acctedon apparams- for proteases and 
anotbtf fiw. plant cell. wafl-dcgraaing e»' 
xymes C2W9>. Botir typcs of secretion 
apparatus sre widely, coosetyeo among 
many -other bacteria, induct human 
pathogens such as £ coU md Puudo-^ 
manas otrugauM (2l,39>. The hip ^ncs 
were fbund 10 spe^fy a thirrf:type of se- • 
creddn . apparatus, the Hrp secretion aps»- 
rams, which appears to be- similar to tii: 
one discovered In several human-patho- 
genie bacteria, indnding Yerrinia spp. 
' (lZ17,22Ji9^'- lnterestinfiftr, although . 
the regulatory /wp genes in different bac^ 

• leria may be different (hpSi hrpK arjcl 
hrpL In h'xymgae versus *ipB.in ?- Mofa- 
nactarumU most hrp genes involved ill the 
assembly the Hrp secren.pn. apparatus 

' are similar among <fi verse, plant-padiogcnic • 
bacteria. ThU suggesB . that although 

• cfiffereot bacteria.. may [.'detect the pliant 
apoplast environment..in their own unique 
ways,* , they ncvcnlielcss ' produce' sitpilar 
jtypesoifprcKcin secretion apparaii^ 

. P^Prodnction of [elxdtor. proteins- The! 
•TdSscovcry of the novd IJrp sccred.onappa- :. 



fg*03 rsiied an immcdiatB question: What 
arc rhe protdns that traverse it? Since, hrp 
gecss are essential for bacteria: both to 
d)dt Che piam HR ^nd to cause ^sease, it 
was expected dm sume ofthe proteins tha 
traverse the Hrp secjcdoo apparams may 
be dldtoa of plant HR and that others 
may be-invoived incausir^ oecrosis during 
pathogenesis. Wei ei aL<47) first provided 
evidence that one of dw £ omy^ovorp hrp 



Th S^rch tor Proteins 
that Traverse the Hrp Apparatus 
As memiooed eartiec; bacterial mntanis 
de f ective in the Hrp secretion apparatus 4Be 
unable to elicit the Hit in resistam plana 
and to cause disease. m.suscepdlAe ^anca. 
The question is, bow many proteins ve 
secreted via the Hrp secretion apparatus?. If 
' harpiiu anid PopA are the "only proteins that; 
traverse the Hrp secretiop apparatus, theq 
muutions.in the genes that maioB harpins 



genes *(A/p.V) encode^ a- 'protemaceous 

elliitor-fiiarpin). Hsrpin didts MR i«crtrt^ ^ ^ elimin^ the abiUcy 

^ Of bacteria to e^cit the 



ifijcctod • i«o tta apoplw 
appropria;e plassi (47), Although no hr^ 
gene homdldg could be ; foond in R 
iynx^cs, - .another'^ :proidnaceoos-' ■ HR 
lelictor'Oisq^nftj was Identified and was 
shown to be' encoded by. a different hrp - 
gene, -hpZ C2C30/iHinbertnore, liarpinjs^ ; 

do Srs£ sxtraceQular procdn -ibown to I ' 
i<-f«5te?t>ia tii 'Krp secretion apparatos ,^ 
r2Ci! itl6rf*4j«a3lal protdn eHdtbc of die : - . 
HR V8V Identified ir//*. uiianaccarwn aad y 
was ti=ata PopAl-C2)^il>« E. .amyUjyora ; 
baipln, f. i-py. jyrbijo* 6V.harpinfc„ and^- 
R. rciaruictarvm PcrpA|;;aithough. largely ,s 
(fi«iiiiaar^ia, pritaary-ic^^ 
^similar properties diat iqayrtie* important ,ut 
didr -HR dicitor activities-. 
*h8at $abiK glydac rich.- ind bydrophilic. 
Homplbgs-pf £ qmyiavcra harpin and il x 
pY,r *yroTg^itr::il -^ haiiany* . have . btta 
Jdeati^ :ir cdier pathogedc striains .that ,* 
bdcng to die gcnii$ £rwmie and ihc'5 



ipecjBS;;.?, ^ymgae, respectively 



(4,20).^ 

^]¥hus; ii least Uicec proteins thai traverse 
. the liro secretion apparams of three . 
<£veise bacteria elidt the HR. ' . ^ 



HR in. resistant 
plants and to cause disease in best plants. • 
However, If -there- are other pathogenicity- 
or HR-rdued proteins secreted Sia the Hrp 
apparatus, mntation^, ..in only -harpiik* or - 
f^A-^ehcoding* genes* would not com- 
pletdy abolish- the'abiUty of bac&erii to* 
elidt ihe.HR in resistant plana or to eanae . 
disease in bost plants.. Wd 9t aL (47) ' ' 
reported tbax, mutations \sx the: gene -codhig * 
for .harpin of £L amyicvora destroyed the 
abiUcy of the bacteria both 10 trigger the * . 
HR .in resistant nonhost tobacco and }6 
caiise disease. ' In • suicepdble pear ferits. 
Mutations in the gene coding I6r barpiitijch' 
of £.* chryiamhemi prevented the bacter- 
ium from thggeting.the HR \n d)e nonhost 
tobacco and leduced the 'aliaiiy of the 
bacterium to Initiate d^ease lesions in host 
plants ..(4). In the case of haipinpa of R 
syrij^ae^ mutation analysis has-' bdm 
complicated by- the com plex gene struccnre 
and organization suiTOuiu^ng * tlse ./irpZ 
itxiA, Conciudve data regarding the role of * 
' . haipii^ in 'plantrif. tyringeM Ixiteracxions 
are yet CO be shown. PopAl ^-as-shown to 



Pseudpmonas syrtngae A/p. gene cluster 




unknowti fiinctitfa 



regulatory genes . 

secretion genes 

genes encoding extracellular 

HRelicitors 



Hrp secretiop 
apparatus 



harpinpu 
Avr proteins? 
other pathogenicity 
factors? ' - 



^ * * ^.n^ thmA to hrnZi In P. syringam. hrpS, hrpR^ and hrpL {\n 

. Flo, 2. hrp genes of PSBvdpmon^ syripgBB. There am ^^^'^^J'J^'^^^^II^^ I J^n oi all oth^ Hrp g.nes, .vr g.n.^ and 
^T^t) a« Involved in tha det«rtlon.of the P^^/^^SSSJ^^-^*^^^ assambly of tho Mrp secn>tlbn appara- 

^ibty oth«r pathceonidty^elated Q'/^?- "jf^ virulence/avlrulanca proteins |ln GTOonX 

ttjs in the bactertaJ anvelopo, through which travela s ne*1y di5cover»d ciaaa ot o. . /» 

ineludlng HrpZ. 



bfc ' dispensable , fcr pathogenidiy of R 
fotanaecanm in «he wscc^tibte host pUlK. 
tomato, or tor HR eliciiatloo in the nonhoU 
plant, tobacco (2). in«lieating ttat ttee 
ami be other HR-elicaton «wl P«™»- 

genidty ftcton that tnvetse the Brp 
.•^M .pianas in this b««iam. 

Fuither examination indicated that PopAl 

nay function as an avinileqce gene, me- 

diadng genc-for-gene 

•nuia. the Hrp season : 
bacterium may «cr«e • «hffeittt 

ihat travese the Hip secretion app«»"» 
„ w an aeaye «eaich*«.i»nd « 
tor. a complete undemanding of *jwner 
jjat w * plant-baeterial Imeiaaipns. 

Factors Modifying 

GenerMedlated Cornpatlblltty 

T\» broad dasies . of- bactetjal gffl« 

may superimpose their foiictions on ti>e.*»p 

gene-^ated eompatiWKw « 

khy between. plants •"J.^f^"^ 
.eocs airf various virelepce genefc^lheaw: 

|S2 maSa«;geao.ype^pfifi«= 
ibflity in tesistaai host plants. ySw""", 
^ promote the P«oaw|«^^- . 
^mptons and a« usuaMy_pee«J^ br *e 
run vindence of .baoeiia. 

Bacterial avr GeijM. " 
Hot (M) fbimnlated the gene^op^enf ■ 

hypSh4inhUwo*on,fls5-to«V« 

tactions. 5lor »W»o?««»lj*?J^ 
resiaance of agivea 
given fungal tace b the result Pf**^" 
action between a fungal avr. gene ^ • 
• conespondini flax resistance g«^Tl^ , 
foie. £e interactions between the ptanfs* 
Stance genes and the pathogen's «r .. 
■ genes woiild Hnnt the hew- lange of Oe. . 

Staskawicx 5f «L . (44) fiat • 
'l^iaed an nw gene fiom a. soybean bectp: 
rial path6gen..P*««''«««!«»* 0»*WJ P*. .■ 
^b«IS^S showed W *e doned «T. 
gene could eonvett wulent Jf. pv. xV" 
%M strains that . cause. dis^ "f^I^S 
lent strain? thai «lidt thf HR: 

«^ '^'*'?^!^^'^aSS£-= 
Ing resistance genes, *« 

l^eofATgenesftcpnmning^hM^ . 

. Since-then. nutncrou? nvr 
cloned ftotaplaat,pathogen»c.l^«?i»(^ 

Several pUnt- resistance^ »^ J'^LS 
been elowd osint.. .iBotepaar genrtie 

genes and Afj> genes, bodi of .'wtaeh j« 
bivplved in eliddag the HR? Sevenl tabo- 

mdiiea haw obser«d '^^^^Jf^ 
not trigger the gehotype^peclfip^lta *j 

mutina. - La.. - ^wr g«" ^'^^^ 
fbnctiooal Arp genes "P^^ff* 
phenotype (23^648^8.40),' ^n»«J« 
several ways of explaining such depend- 
^c^g. 4). one possibOijy is toi^ 
proteiu are dependent on che Htp 
to» wanna for lecredba Alternatively. 
Avr function requires a prior plant response 



tJtdied by the AfjHSKtfrolled extracdhitar .. 
factws (such as harpins). A tWfd p<» . 
bility b that Avr protdns. ^»^lh no l«- 
eUdting activity by ihemsdves, cause dw 
cultivar-spedfic HR by. «d>er covalentfy^ 
modifying harpins if > modulating dje 
expression of harpins In a plant resistance 
gene-6epe«tat manner yet. to be undersawL; 
Finally, ft ls also-possible that Avr pioiems 
.ire secreted tfit^y intoihe plant ceD with 
(he hdp of harpins. •ssnnaag'that ncepon 
• for Avr protawiW Inside the plant cdL- 
Sudes are. being. gnried ottt t«» lesol** 
these' pouiibifitie^ ■ . .' 



Bacterial Vlriilerice Factort', 

The- genefic dversHy of plant-partip^ 
gemc bacteria k refleQed in .their aWipf ». 
cause dveise dsease synqitontt langina 
from; soft -rot to; tissu6" <»ecrpsU « 
Srtldfbe." 'n>e$e-Jiverse.«t«ase lyaip- 
iDDis are likdy the result of the. sctlOB of 
aevetaU soroetinies .ddque, ■Wruleoce fm> 
uns produced, by a given bacterium to 
addidqn io'^.fap-controUed pathogeaiatx 

. plant apbplast.signals 



•faioonl.for exnmple, mcsaxch bxm many 
laboncones>as shown jhai toxin produc- 
tton' pt&ys ^ Important cole ia the foanar- 
tioa.of chlocosis- «nd pmosU (3.19,49). 
Exincellttlsr polysaccharides may be in- 
evolved In the formadoa of water-soaking 
lesions OU^'. ^ ^ the production of • 
wilt syinpcoii&':by' clogging the plant vas-^. 
cula^ system (9)* Plant ccU waU-degmding 
' enzyines tie responsible for tissue (Usince- 
gracion and die appearance of the soft-coc 
. . sympcom (TV Plant, bonnones produced by * 
plant*path6geaic bacteria are involved fax 
the inducdoQ of tissue defonnaidon 
. \ Both^jirp* genes .icd.babtierial virulence. 
. ■ fectora are.neeessary for ^sease symptom . 
producdon,. but what is relationship 
becwiwa .them? A logical leSadonsfalp 
wou^ be.tbac -Arp^ostroUed extra rri nnl a r 
.factors are involved in obtaiolns nuitrimt s 
'in- cariy stagesi' pathogencsia. whereas 
'other vinileoce facton drive tbe- initial 
compatible stage into a foOy ccmpatfbU 
•ORe,'les^ttg to'-, the production of various- 
.disease sympcoitis.. Ax least two' lines of 



plant apoplast . 



bacterial ccdl wall 



bacterial cytoplasm 




L— step 1 (expression oi hrpS and hrpE) 



•l^ilBII'" I7y? 73i- — r .step 2 (expression of hrpL) 
promotjarT^ . . i ^ . ■ ' • ^ 




■ prpmo-ter 



jstfep 3 (expi^cssion of • 
all other hrp genes^ 
; ' flvr..genes, and otHer 

' . "'. ; pathogenicky-related 

■ •■)■ ' genes) • " ..• ' • " 

^ 3. Olw^ bf Ih. ..Sh.1 S!±:^!^^'¥h?p1^'^^ SnSSnSSS' 
apoptont wvlronnumt by ^*t"*^«'!^„S^"JK'^^ 

OUnH»d.nutrient. an*«r «rtota i,'^^^* ^23^S,od ^U?^^^^ -nd Arpfl-fl.n* 

products (S «• '*'P!f!,^f, 1 5° ami: binds to promotor* of ether hrp 9«n«^ 
(5t«p 23. The hrpL gene ^"^J^^^^^t^^^^ to promote iwi--xpr*al n of 

Sr-^loTTJ^uSll^m 11^^^^ .nt^cticnn (step 3). 

U;;;SlfM from Xiao et at (Sn V 

Plant bl8aas«/-uno_19S6 S07 



"evidence seem to nppon this relationsM|x 
First, hrp genes are highly ..conserved 

.among diverse pUot-pathogemc baooia, 
whereas viTUlenoB fiaccon vary greatly 
among bacteria. Second, while muiatloM 
In the Arp gene* cooniletely ' abolish bodi 
bacterial patbogeiudty and cliciudoa of 
the KR, nutations ta virulence genes (e^ 
ioxin-prodhictibn!..g^). often do not 
eiizxiinate pathogcrndty and have no effect 
on bacterial clicitatiQfa of the HR (3J9,49). 
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hrp <3ene Functions . 
and Disease Management 

A major reason for. discovering bacterial 

' .arid plant factors -critical for.' bacterial 
pathogenesis and ' plant resistance is to 
develop novel and envirornnencally safe 
strategies* for controlling, plaoit , diseases, 
the ctiscovcry that the iip. lecredon app^ 
raibis is cmdal to bacterial pathogenesis 
provides a foundation for designing, novel • 

' chemicals and antiboditt thaf would blod: 
* * ■ • • 





^^^-^rplipt .cell wall- M^S^^^^S 
^^^^^^^ plasmaleinzna , 'T" . > 



'HlVresistaiic^ 



Models 



HR/reijistance 



Model 4 



harpiss 





the asseoibly of the Hrp secretion appara- 
Uis or Che passage of bacterial virxilcoce 
protons through iL AlternadYely, suscep- 
tible crbp plana could be genetically engi- 
neered with geaes ermding proteinaceous 
HR elicicots, such as bacpins, under tbe 
control .of plant promoters inducible by 
virulent ps^ogem. If cfis approach wexe 
.successfiiL^&e HR or resistance would be 
triggered in otherwise compatible interac- 
tions, limhihg disease dcvelopmenL 

AckhowfedginentB . 

^ thaoJ^ Karea B|rd for help Is prepiradoa'^ef 
' thupapctPsul-Vbicdin.aBd Reb«nP;Sehc£tete 
ciideal revi^^ iod- Mirleoe Coseno for iltastrf 
lions. iUscaicfalB our Isboniocy .li sopportcd 'by. 
puus frwtJSDA and DO& 
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\ .HlWr^tancc; . . . . . . HR/resistance 

Fid 4^ WorMiig models for possible Interactlona fcotwein. ft?p genes and svr saiitt. 
utM 1: /SrSgnSa (Avr pr^lns or thair anrynatic p-:ducts) ara aacr^ through . 
th^Hro ab^i^wiratua to aUeit tha hyv^ninaWva-fMponsa (HR) and «*lftan«. 

caftors. JSrSais msy <r may not bo derated ^i* tre Hrp s^cration »PP««*w«- 
M tor^and^ signals Intar^ct, with r^««=t*va piaM ^f^^^niSTA^^ 

spcnao allclM by harplna must pracada plant rasponaa '"^^ ^ ^VtjHsnf *?; ^ 
sicnals may or may not ba wcratad via tha. Hrp sacratlon ■PP*^«- Wod»l 4: Avr 
irV^L^ SJSd into tne plant call with th^ hip. f llfJSl?^,'^;^-^^^^ 
may not be soeratod via the Hrp sacration Jipparatus. In modata 1 to 3. ">^P»J» 
IJW prctaina^^umad to lia on tha plant call aiirtoca. In mooal 4, receptors for 
Avr protafna ara Inslcla.tha plant caO. 
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